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SOME THOUGHTS ON RF ENERGY HARVESTING
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Background. Energy harvesting is the actual topic. The systemenergy harvesting has many components
which require complex designing.

Objective. The aim of the paper is optimal ways of collectamgl accumulation of electromagnetic energy.

Methods. Analysis of all known publications devoted to theergy harvesting, and induction of optimal
elements for the energy harvester.

Results. Optimal solutions and some practical implementetiovere proposed for each element of the energy
harvester. Moreover, IR-UWB signals were proposed aandidate for energy effective communications.

Conclusion. Energy harvesting can be effectively used for gowaapply for some devices (for instance,
sensors). Also, energy effective communicationsiffstance, IR-UWB) can be used in those devices.

Key words: energy harvesting; UWB; sensors; supercapacitors.

Introduction It's important to notice that current research

Cellular networks have become the basis of thastivities are also concentrated on the recentfren
global mobile communications. The vast majorityvhich can be called “Internet of No Things”, we
of the world's population has mobile phones, thare talking about the “Naked Approach” project
number of phones exceeds 2.6 billion units [1]. If6]. The main idea of this project is to change
the near future we expect the number of "gadgetggadget-oriented” approach to smart environments
(- ultra-miniature sensors and control devices) tand “person-oriented” way of deploying and using
grow rapidly. We are talking about the concept dflectronics. These changes can be implemented
the «Internet of Things». For instance, there ateecause of the following factors:
“smart” environments, which based on WSN; 1. Increase in accessible information;
different automation systems, which are combined 2. Increase in the role of APIs;
into a single network of various types of sensors. 3. Growth and abundance of computing
The sensors do the supervision of the state of power;
devices and systems, and control their parameters.4. Miniaturization;
Also, different types of D2D communications can 5. Sensors;
be contribute to the concept of WSN and “Internet 6. Energy self-reliance;
of things” [2]. Moreover, we can define the whole 7. Stick-it-on devices;
group of devices, which called - Health Wearables, 8. Printable electronics;
they include fitness bands, jewelry, smart watches, 9. Digital surroundings;
clothes, sunglasses, and a variety of other devicesDespite the success of the miniaturization of
“in and around the body”, with built-in sensors aneélectronics, one of the main problems of the
other electronic technologies for controlling theractical implementation is the power supply. Due
parameters of the body[3]. to disunity of sensors and difficulties in connenti

The recent trends that were mentioned in worke the power lines, the chemical sources such as
[4], [5] develop the concept of "smart dust" (théatteries are usually used. We talk about the small
myriad of tiny devices which have a size up to theatteries that are used in watches, small computers
microscopic sensors and robots, that will colledn stand-by mode, etc. The need of the regular
the information in different devices, objects andeplacement “costs a bomb” and it's very
environments, transmit it to the processing centeigconvenient to charge the batteries. On the other
and perform the control on objects). The need févand, when the size of a sensor is commensurated
development this kind of ultra-miniatureto the battery size or even less, in this case the
electronics is beyond doubt. There are a lot gffoblem of power supply is a decisive reason.
applications where these devices can be usddownsizing a battery means reducing its electric
medicine (where constant monitoring of bodygapacity, hence increasing the frequency of
parameters is very important), ecology, agricultur®attery’s recharging or replacing. The problem is
industry and military applications (to monitor andcompounded, when sensors are installed in specific
change the situation in operations), etc. environments, such as on factory’'s pipes. Thus,
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different solutions for the sensor’'s power supplgbviously not the desired effect. Paradoxicallyt, bu
are needed. if the subscriber doesn't listen to the program or
Energy around us doesn’t watch it, we can assume that the energy
We live in the world which is full of that was intended for subscriber's receiver is
electromagnetic energy. The sun radiates energyvifasted too. The question arises: “Is it possible to
a wide frequency range - from thermal and visiblgse the "free” electromagnetic energy sources to
to ultraviolet radiation. The direct conversion ofower electronic "gadgets™?”. This idea has been
electromagnetic radiation from the sun into electriused for several years and it's called «Energy
current for low-power devices (watchesHarvesting», also works on practical application
calculators, etc.) by small solar panels has loraye widely studied in many countries [7], [8], [9].
been widely used. However, the sun shines, on It is obvious that the decision on the energy
average, half of the time of day, the duration dfarvesting for power supply in each case depends
which in the polar regions reaches half of the yea®n ratio of the amount of energy that can be
So if we want to use these devices at night onén tcollected from the air at the location of powered
darkness, then again, the same need to halevices to the average energy consumption for the
sufficient battery capacity. Yes, the sun or thdevice €,,;) at the same time. If the ratio is
man-made light, of course, are the best sourcesgseater than 1 or equal to 1, it is advisable and
energy ... if they are available. In other cases, wWossible to power the device:
need to find other natural sources of energy, which Ein/Eou: =1 (2)
will be applicable for a power supply of a hugdVe note that the number of powered devices in
amount of micro- devices. For instance, in aredbese areas is almost unlimited if we don’t have
where thunderstorms are frequent, we can chargsy absorbing or shielding barriers between the
the batteries or other electrical accumulators frospurce and the consumer of energy. We call the
storms and static electricity, which is usuallevice having the ratio is greater than 1 -
presented during thunderstorm activity. Electromagnetic Powered Devices (EPD).

M an-made Electromagnetic Ener gy Sour ces Finally, in places where the power level is
In addition to natural sunlight, living spaceinsufficient for the EPD, specifically designed
filled with electromagnetic fields generated byransmitters can be used to power devices in the
man-made devices - radio transmitters of differegurrounding area. In [11], [12] authors proposed to

systems: broadcasting, communications and rada#§€ RFID technology for Energy Harvesting.

The most powerful sources among them are: Practically, power levels can be determined
« TV broadcasting transmitters; using spectrum analyzer by estimating the total

+ Radio broadcasting transmitters (VHFAPOWer at the point of reception. For example, Fig.1

and AM bands); shows a screen shot of the spectrum analyzer

. Base stations of cellular connected to the 10-centimeter rod antenna,
communications (GSM, 3G, 4G); located on the 5th floor of a six-storey concrete

. Airport surveillance radars: building in Kiev, located about 4 kilometers from

. Due to abundance of access point e 300-meter tower, on which there are antennas
(Hotspots) of networks which are base or more than two dozen television transmitters

on IEEE 802.11a/b/g/n (Wi-Fi), it was (YHF. UHF) ~and one dozen FM (VHF)
proposed to feed small devices fronPro20casting transmitters.
power transmitters of access points (so- ot 3. Ao
called Power of Wi-Fi - (PoWi-Fi).
Recent articles on this subject can be
found in [10].
The level of power from these transmitters is the
highest where the large number of them s
available, namely in cities, i.e. just in the areas
where the number of sensors will be the largest.
The interesting fact is that to 99.9% of the rastiat
power of these transmitters is wasted. We must

-39

specify the equivalent isotropic radiated power ||
(EIRP) of the transmitter is intended only to dxtis m
the des'red SIgn&'-tO-nOlse ratIO |n the Zoneﬁao Center: 4500500000 MHz 89.99 MHz,/DIV Span: 899 9 MHz

exact, at the reception points. In the rest of the Fig.1. Spectrum (100 kHz to 900 MHz).
space, the radiated energy warms the atmosphere,
the earth, plants, people and animals, which is
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In addition, at a distance of 200 m there is 3], that the effective aperture of the antenniais
base station of a cellular mobile GSM networlthe range fromi = 0,079 for isotropic radiator to
(900 MHz band (marked 1 on Fig.1)). Summing 8,11%%*for short and 0,18 for full-size half-wave
total power from all the sources (by integrating thdipole (the coincidence of the polarization and its
area under the spectral curve) we received poweaximum). Commensurating antenna’s size of
value at the point of reception about 2 mW (usinghicrominiature EPD and wavelengths of sources,
non-optimal antenna). Approximately, the samg can be noted that their aperture have valuess tha
level of power was available in the whole buildingvere mentioned above and its value increases with
and surrounding space. Consequently, such tlde wavelength. It's better to use longer
power level would be enough for a large number @favelength in order to achieve maximum of
devices. efficiency. Since this is a miniature EPDs, theerol

Energy Harvesting Device Structure of effective antennas must comply elements that

Generally speaking, the problem of Energwre larger than the devices themselves. For
Harvesting can be divided into followinginstance, mounting or suspension constructions can
components: be used as antennas. It is possible that when we

e “Catching” electromagnetic energy frominstall the EPD on a metal surface, the antenna

the space (which can be implemented biself can play the role of connection element for
an antenna) and converting it into electrithe metal construction, which will be a key

current; element of energy harvesting.
« Converting the received energy to a In [14] microstrip antenna is proposed. The so
predetermined voltage value; called rectenna has a compact size due to thefuse o
« Accumulation of energy in any storage® Cross shaped slot at the patch surface. Alsd, dua
element or charging the device; linear polarization is used in order to be able to
Antenna receive arbitrarily polarized input RF signals.

The power level of each point in space can W8 [15] loop antenna over an AMC surface was
represented as the sum of the power fluxes fpoPosed for dual-band energy harvesting.
(EIRP) from all the available i sources located dff [16] PCB-based planar dual-band monopole
distances ri from the reception point, multiplied b @ntenna design was provided.
the effective aperture of the receiving antedna The simplest approach for energy harvesting is to

(for the particular wavelength) and the path lod§ceive the energy from the powerful and
yi <1t narrowband (concentrated on the frequency axis)

o« ViPi transmitters. For instance, TV broadcasting
P= Z(W i) (2) transmitters or base stations of cellular networks

As we can see, received power level depends oan be used.

the sum of EIRP of transmitters, distances and Transmitters of the base stations spread out

effective apertures for these waves. The effectiaeross the city or town, and EIRP in some

antenna aperturd is the ratio of the power?] directions can be up to tens of watts.

received on its load to the power flux density (W)mplementation of the wide or ultra-wide band

of the received wave at reception point: receivers seems to be a problem because the need
Aa=LX (3) of effective implementation of broadband antennas
” : . ) . o
The effective aperture depends on the ratio of tt?end their matching with the input circuits are

. : : compulsory. Also, we need to take into
wavelengthl and geometrical dimensions of the . . X
ccount that electromagnetic environment is

antenna (the length qf the wire antenna eIemengsnpredictable in different locations, so it woulel b
the values of the spatial aperture antennas), &rm

the antenna elements, their relative orientatiash aHseml. to analyze the power levels using the
o cognitive approach to choose a frequency band.
mutual polarization.

L : Some SDR principles can be used to select ones.
Due to the limited size of powered sensors of .
Antenna Matching and Voltage

other EPDs, the size of built-in antenna is usually :
small or commensurate with the wavelength. For Transformation _

example, smart phone’s antennas are usually made!n caseé of narrowband receivers, matching LC
as strip lines with different configurations toCircuits can be used to achieve optimal matching

ensure the best possible matching with tH@f the antenna to the input of EPD and the
wavelength and the impedance of input Circuitéransforme}tlon of the received power to the desired
Equating these antennas to a shortening or hayRltage (Fig.2).

wave dipoles, and expressing the value of the

aperture through the wavelength can be shown
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N To Gadget the power storage mechanism. Their advantages
4 J_Superg over chemical batteries are:
Ba?tfery . CeII_ vo_Itage deter_ml_ned by the circuit
I application, not limited by the cell
chemistry;
Fig.2. Simple matching scheme with LC tank. « Very high cell voltages possible (but there
The diode shown in the scheme illustrates the is a trade-off with capacity);
need for rectification of high-frequency ¢ High power available;
oscillations into DC current. In practice, the wde * High power density;
semiconductor diodes is ineffective because of the « Simple charging methods. No special
"knee" of the current-voltage characteristic, which charging or voltage detection circuits
excludes the work of the diode at voltages within required;
the "knee”. Normally, mixers are used as rectifiers « very fast charge and discharge. Can be
with in-phase signals on both inputs - so-called charged and discharged in seconds. Much
squaring circuit does not have "knee". However, faster than batteries:

this method is unpractical because of the need t0 .  cannot be overcharged;

use huge analog components. For example, in [17], . Long cycle life of more than 500,000

authors proposed to use the dynamic threshold cycles at 100% DOD:;

voltage metal oxide transistor (DTMOS) for Long calendar life 10 to 20 years;

rectifier implementation. . Low impedance ’
It is more convenient to use a chip designed for The cost of modern supercapacitors is about $

these purposes. It uses current stabilization a d01 per 1 Faraday, and the power density of 3216

principle of impulse conversion. For instance, I% / kg '

BQ25570 - Nano Power Boost Charger and Buc

Converter for Energy Harvester Powere((i_n

Applications, Texas Instruments.

In [20] authors proposed supecapacitors for
ergy harvesting. Printable supercapacitors were
o - . demonstrated in this article as energy storage
The BQ25570 device is specifically designed taevices in a harvester circuit using a printed RF

erTaenélfy iXt';;Ct ergg:r';\ggttfsror(r‘:vg) ;?.em'"(')\?vi[f[s antenna and rectifier. Authors received following
(mW) power g variety Igr}esults: the two series-connected supercapacitors

output impedance DC sources. The baite n be charged to 1.8 V in a time ranging from 10
management features ensure that a recharge Sutes to over two hours depending on the

bgttery Is nat overcharged by this extracted POWE upercapacitor size and antenna distance. The
with voltage boosted, or Q(_epleted beyqnd safe_sl!m| utput from the voltage regulator was found to stay
by a system load. In addition to the highly efiitie onstant at 1.2 V for up to 5 or 10 hours

bopsting charger, the bg25570 integrates g.hig pending on supercapacitor size. Also, we ca;n
ggl:ccl)?\gt’prc])a\;\?eor-fgi\l,\{[irst;/us?grggns\fjecr;egovrvi?:l)gslcsji% taé<e a look at commercial capacitor - LS Mtron

networks (WSN) which have stringent power arl;g UC 002R8S 0120F EA.
operational demands. All the capabilities of bqZBS?T
are packed into a small foot-print 20-lead 3.5-mm
3.5-mm QFN package (RGR). Full operatin

quiescent current is 488 nA. [18]

able 1. LS Mtron LSUC 002R8S 0120F EA
géarameters.

Storage device Parameters Values

It is obvious that, using energy harves.tinu,(léatecl _\/oltage 2.8V

. . . apacitance 120 F
devices can be powered directly or batteries can b&ell configuration Radial Call
charged from the energy of electromagnetic wa SO aT n 40 — 65°C
This method is acceptable as the life tim pe'ratlng emperature| -2U —
extension for chemical elements. However, soon Be&_stance 9 mQ
or later, we will have to change the battery Maximum Current 4 A
Therefore, as the energy storage elements it |is€@kage Current <0.3 mA
preferable  to  use  popular  nowadaysMaximum Stored Energy0.11 W/h
supercapacitors  [19]. Super- or ultracapacitors-€ngth 46 mm
also known as high-capacity electrochemicalDiameter 23 mm
capacitors store energy electrostatically byWeight 239

polarizing an electrolyte. High-capacity or
supercapacitors can be charged and dischargedAs we can see from these examples, the
thousands of times due to the high reversibility gfarameters of small-sized supercapacitors made
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them the ideal energy storage elements faperations. Dynamic - and interconnect-boosting
powering small electronic devices in theharnesses what is ordinarily an adversary to speed-
application which are using Energy Harvesting. -capacitive coupling--to momentarily boost supply
= voltage during operations for up to three-times
faster access to SRAM with a 200 picosecond
clock pulse width resulting in only a minuscule
increase in power, according to IBM scientist Rajiv

Fig.3. Supercapacitor - LS Mtron LSUC Joshi and colleagues at the Watson Research
002R8S0120FEA. Center in Yorktown, Heights, New York.” As we

can see there is an effective way to reduce the

Energy Consumption. power consumption of device’s hardware in stand-

We mentioned before that the use of enerdgdy mode.
harvesting is justified when it receives enoughEnergy-efficient communication protocols.
energy to power or charge the device. It means thatLet's now consider a question about the
the total power consumption should be less thatifectiveness of the protocols that are used to
the harvested energy. This power consumption cakchange information among EPDs in the network.

be divided into following elements: The main idea is to minimize the amount of time
« Consumption of EPD’s hardware (processowhich is needed for transmission and as a result to
receiver, etc.) during stand-by mode; minimize the power consumption of EPD. The

« Consumption of EPD’s transmitter, whichtransmission time depends on a bandwidth as well
depends on protocols and signals that are used; as on the amount of information, which need to be
Let's briefly take a look at the ways of the powetransmitted over the WSN. On the other hand,
save. There are many low consumption integrategtwork architecture determines the length of
circuits on the market with very small voltage anéommunications radio links, necessary value of
current. For example, Texas InstrumentEIRP and the need of multi-hop forwarding (Ad-
temperature sensor TMP103 consumes only 1Hpc, MANET). These problems were widely
HA @1.4V. In the article [21] discussed some dfiscussed in recent articles.
techniques to minimize circuit consumption. These Types of signalsthat areused in EPD
techniques are divided into two ways: Types of the signals have a great influence on
« Architectural Power Reduction Techniques: Athe power consumption of EPD. These signals
the RTL level, one can take several steps fiepend on the data rate, error probability and
reduce the overall power consumption of th&equency band. All these parameters are
device. Typically, RTL based techniquesnterrelated, but, in general, the power
minimize the dynamic power consumption ofonsumption determines by the total duration of
the device, however, using techniques likéhe transmission. Information is usually transnditte
power gating, one can also reduce leakages packets, and the number and length of the
power of a part of chip. packet define the power consumption of EPD.
e Process Based Power Reduction Techniques: Impulse Radio Ultra Wide Band
There are a lot of components of power Reducing the total duration of the transmission
consumption and not all can be targeted usign be achieved by using the discrete signals,
Architectural  Techniques alone. Powenamely, IR-UWB signals. It can significantly
consumption due to effects like Drain Inducedieduce the consumption of EPD by scaling down
Barrier Lowering, Gate Induced Drainthe number and duration of the pulses that are used
Leakage, sub-threshold leakage, etc. can @ the packet transmission. Common Average
controlled most effectively using process baseduty Cycle Transmission of the EPD will be the
techniques. parameter representing energy savings of the
However, some of these solutions come at ti@evice. Increasing Duty Cycle usually achieved by
expense of performance, reliability, chip area, deducing the number of pulses per bit and its
several of these. Eventually, one has to reachdgration. In classical receivers that are based on
compromise between power, performance, ar&hergy integration, it means deterioration of the
cost. signal-to-noise ratio and thus increases a number
There is an example of works that were done @f errors. As a solution, authors propose to use
laboratory of IBM [22]. Authors introduced the"non-energy” method of receiving [23]. Using this
results: “First IBM Leapfrogged Intel to 7nm, nowapproach instead of accumulation the energy of
it's cut power -- by using a 0.3 supply voltage -very low-energy pulses, we use them only as a
while simultaneously increasing speed at advancéerker in time domain. Further, based on these
nodes by boosting supply voltage duringnarkers may, equivalent (regenerated) pulses can
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be processed in terms of digital processingransfer Systems // IEEE Microwave Magazine, Vol.

(amplitude, duration). This method and itslS, Issue: 4, 2014 o _

implementation patented in Ukraine [24]. ~ 10. Folea, S.; Ghercioiu, M. Ultra-low power Wi-
Increasing the amount of information in g1 tag for wireless sensing // IEEE International

o ; onference on Automation, Quality and Testing,
limited number of pulses can be performed if eac&obotics AQTR 2008, Vol. 3, 2008

pulse_ will be mpdulated by §everal param_ete_rs "11. Tsung-Heng Tsai; Bo-Yu Shiu: Bo-Han Song

amplitude, duration and polarity. The combination seit.systaining Integrated CMOS Regulator foraol

of these parameterf can transmit each pulseand HF RFID Energy Harvesting Systems // IEEE

I = log K bits of information, and the total Journal on Emerging and Selected Topics in Power

number of bits forn pulses per bit will be a Electronics, Vol. 2, Issue: 3, 2014

traditionall,, = nlog K. 12. lannello, F; Sim_eone, O, _Spagnolini, U.
Conclusion Energy Management Policies for Passive RFID Sensors
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Bynin C.I'., P.JO. ZKozoe

IeBHi igei mono 300py eJIeKTPOMATHITHOT eHepril BIIbHAX KOJIMBaHb

Ipo6aemarnka. 30ip enekTpoMarHiTHOI eHeprii BiIbHUX KOJIMBAHb € aKTyaJbHOIO TeMoto. Cuctema 1ist 360py
eJIEeKTpOMarHiTHoi eHeprii Mae 0araTo CKJIQIOBHX €JEMEHTIB, IO pOOWTh TPOEKTYBaHHA LHUX NPHUCTPOIB
KOMILIEKCHOIO TIPOOJIeMOFO.

Meta aocaigxenb. ONTUMalbHI CIIOCOOM 300py Ta aKyMYJIALIT eHeprii eleKTPOMarHiTHUX KOJIHBaHb.

MeToauka peaJiizauii. AHaji3 Bcix BifoMux myOikaliif, npucBIYeHNX 300py Ta aKyMyJIsiLii eleKTpOMarHiTHOT
eHeprii BITbHUX KOJIMBaHb, a TAKOXK BUSIBJIEHHS MEBHUX ONTUMAILHUX €JIEMEHTIB 1715 CUCTEM 300Dy.

PesynbTaTn pociimkenb. [1o KO)KHOMY 3 CKJIQJOBUX €JIEMEHTIB CUCTEMM 300pY €Hepril eneKTpOMarHiTHUX
KOJNMBaHb (AaHTEHH, OETEKTOPH, Y3rOKYBalbHI KOJia Ta iH.) MpeICTaBICHI ONTHMaibHi pillleHHs, a TakoX MEBHi
MpakTUYHI pekoMeHnalii mono pearnizawii. Takox 3armpomoHOBaHi HaJ MIMPOKOCMYTOBI IMITYJIbCHI CHUTHANH, SIKi
MOXYTb OyTH BUKOPHCTaHI [UIs OLTbII €HePreTHYHO e()eKTUBHUX KOMYHiKaLliil.

BucnoBkn. 30ip enekTpomarHiTHOT eHeprii Moxke OyTH e(eKTHBHO 3aCTOCOBAaHWMX MJIS JKUBJICHHS TEBHUX
npucTpoiB (Hampuknaza, ceHcopw). Takok 3 MeTOr e(eKTHBHOTO BHKOPHCTAHHS €Heprii, HaalMpOKOCMYTOBi
CUTHAJIM MOXKYTh OyTH 3aCTOCOBaHI B IINX MPUJIAAaX.

Kiouogi ciioBa: 30ip enekTpomMarHiTHOT eHeprii, HaAIIMPOKOCMYTOBI CUTHAJIN, CEHCOPH, CYTIEPKOHIEHCATOPH.

Bynun C.I'., ?’Kozog P. IO.

HexoTopble uaen no nopoay c6opa 3HepruM cBOOOJHBIX 3JIEKTPOMarHUTHBIX KoJieOaHmii

Ipobéaemarnka. COop 3HepruM CBOOOIHBIX JJIEKTPOMArHUTHBIX KoJieOaHWI SIBISETCS aKTyaJbHOW TEMOWA.
Cucrema i1 cOopa 3JIEKTPOMAarHUTHON O3HEPrMM COCTOMT W3 OOJIBIIOTO YHCJIA 3JIEMEHTOB, YTO IENaeT
MPOEKTUPOBAHUE NAHHBIX YCTPOUCTB KOMIUIEKCHOM 3a1avyeid.

Heans wucciaegoBanmii.  OnTumaibHble CMOCOOBI cOOpa W aKKyMyJSLIMM SHEPTUM  3JEKTPOMATHUTHBIX
Konie6aHui.

MeToanka peaauzauuu. AHAIN3 BCEX M3BECTHBIX IMyONMKaIMii, TOCBAMIEHHBIX TeMe cOOpa IEKTPOMAarHUTHOM
9HEPTHUH, a TaK e BBISBJICHNE ONTUMAIBHBIX COCTABHBIX 3JIEMEHTOB JISl CHCTEM cOopa.

PesyabTathl uccienoBanuii. Ilo kaxgoMy W3 3JIEMEHTOB CHCTEMbI cOOpa 3JIEKTPOMArHUTHON 3HEPrun
(aHTEHHBI, IETEKTOPBI, COTMIACYIOLINE LEMM M Ip.) TPEACTABIEHbI ONTHMANbHBIE PELICHHMs, a TaK )K€ HEKOTOpbIe
NpakTUYeCKUE  PEKOMEHIALMM  OTHOCUTENIBbHO  pealn3auuu. Tak Ke  MpPEeIOKEHO  HCIMOJIb30BaHUE
CBEPLIMPOKONOJIOCHBIX UMITYJILCHBIX CUTHAJIOB [1s GoJiee 3Heprod(GeKTUBHBIX KOMYHHUKALMH.

BeiBoabl. COOp 37EKTPOMAarHUTHOM SHEPTUHM MOXKET ObITh 3(QEKTUBHO MPHUMEHEH AJIsl MUTAHUS ONPENEIEHHBIX
ycTpoiicTB (Hanpumep, ceHcopbl). Tak ke ¢ Henbio 3G (hEeKTHBHOIO MCTIONIB30BAHMS YHEPTUH, CBEPIINPOKOTIOIOCHBIE
CHUTHAJIbI MOTYT OBITh NCTIONIb30BAHbI B JAHHBIX YCTPOHCTBAX.

KioueBble cioBa: cOOp 3JEKTPOMAarHUTHON JHEPTWH; CBEPXLIMPOKOIOJOCHBIE CHUTHAIBI, CEHCOPHI,
CYNEepKOHAEHCATOPBI.



